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DUAL-WAVELENGTH PASSIVE SELF-MODULATED MOPE-LOCKED 
SEMICONDUCTOR LASER DIODE 

The present application claims priority of US Provisional 
5 Patent Application serial number 60/120,127 filed February 16, 1999. 

FIELD OF THE INVENTION 

The invention applies to mode-locked operation of lasers, 
and In particular to methods of operating a semiconductor laser diode in a 
1 0 passive self-modulated mode-locked regime. 
BACKGROUND OF THE INVENTION 

Mode-locking of semiconductor laser diodes is of interest as such 
sources have applications in telecommunications and in measurement systems. 

Mode-locking of laser signals is used to produce trains of short 
15 pulses. Mode-locking Is achieved when all modes of oscillation in a laser cavity 
have the same phase and when the frequency difference between neighboring 
oscillation modes is a constant throughout the entire emission spectrum. Under 
these conditions the laser signal in the time domain is defined by the coherent 
superposition of all oscillating, phase-locked lasing modes in the laser cavity. 
20 The main characteristics of the laser signal when mode-locking is achieved are: 
/. Constructive interference of all oscillating lasing modes takes place over a 
short period of time, giving rise to a sharp emission spike (or a pulse). 
The duration of the pulse has an inverse proportional relationship with the 
number of oscillating lasing modes, 
25 a. Destmctive interference between all oscillating lasing modes takes place 
at all other instants, producing a weak or a vanishingly small output signal. 
A residual level of emission in the output signal is caused by an intrinsic 
noise due to spontaneous emissions in the laser medium; hence the 
residual signal is composed of only a few photons. 
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///, The laser signal is periodic, with a period defined by a duration of a round- 
trip wave propagation in the laser cavity. 

To operate a semiconductor laser diode in the mode-locked regime, 
one needs to implement a modulation mechanism where the losses in the lasing 
medium are modulated periodically, with a period equal to the duration of a 
round-trip wave propagation in the laser cavity. There are general methods 
which are used to produce such a modulation of which: active modulation and 
passive modulation are but two examples. A combination these two methods 
has been used; under such circumstances the regime of operation is called 
hybrid mode-locking. 

Mode-locked Semiconductor Laser Diodes with Active Modulation 

Direct modulation of the laser gain is widely used. 

One method of actively modulating a semiconductor laser diode is 
achieved by inserting a modulator in the laser cavity associated with the 
semiconductor laser diode. A modulation period of the modulator is adjusted to 
be substantially equal to a duration of a round-trip wave propagation in the cavity 
or, sometimes, to a submultiple of the round-trip duration. The modulator has a 
100% transmission only over a short period of time, and quenches laser signal 
travelling therethrough at all other instants. 

In general the semiconductor laser diode is operated with an 
extended cavity, in order to physically accomplish the insertion of the modulator 
and to match the round-trip wave propagation time of the laser cavity to the 
modulation period of available modulators. An extended cavity is also used, in 
order to match the round-trip wave propagation time to the period of modulating 
sources available to generate the modulating electrical signals. 

Another method of actively modulating a semiconductor laser diode 
is achieved by directly modulating the gain of the semiconductor laser diode, A 
coupling of a periodic electrical signal to the input of the semiconductor laser 



diode provides the gain necessary for laser osdilation. A period of tine electrical 
signal applied to the laser diode is matched to the round-trip wave propagation 
time period in a laser cavity associated v/ith the laser diode. As a result the gain 
is pulsed at a modulation period corresponding to the duration of the round-trip 
5 wave propagation in the laser cavity. Gain dynamics lead to the development of 
short pulses, which repeat at the modulation period. 

References: S.W, Corzine, J.E. Bowers, G. Przybyiek, U. Koren, 
B.I. Miller, and S,E. Soccolich, "Actively Mode-locked GalnAsP Laser with 
Subpicosecond Output", Appl. Phys. Lett. 52, 348 (1988); A. Mar, D. Derickson, 

10 R. Helkey, J. Bowers, R.-T. Huang, and D, Wolf, "Actively Mode-locked 
External-cavity Semiconductor Lasers with Transform-limited Single-pulse 
Output'*, Opt. Lett, 17, 868 (1992); A. Azouz, N. Stelmakh, P. Langlois, J,-M. 
Lourtioz, and P. Gavrilovic, ''Nonlinear Chirp Compensation in High-power 
Broad-spectrum Pulses from Single-stripe Mode-locked Laser Diodes", IEEE J. 

15 Selected Topics in Quantum Electron. 1, 577 (1995); and R.S. Tucker, U. Koren, 
G. Raybon, C.A, Burrus, B.l. Miller, T.L. Koch, and G. Eisenstein, ^'40 GHz Active 
Mode Locking in a 1.5 \im Monolithic Extended-cavity Laser", Electron. Lett, 25, 
621 (1989) represent developments in active modulation mode-locking 
techniques. A key feature of actively mode-locked operation is the possibility of 

20 synchronizing the pulses with respect to a reference electrical signal derived from 
the modulation signal. 

Mode-locked Semiconductor Laser Diodes with Passive Modulation 

Passive modulation has been generally achieved to date using 
saturable absorbers. A saturable absorber has a property that its transmission is 
25 controlled by an incident laser beam. Due to the dynamics of the energy levels 
involved in the absorption process, transmission increases as the laser signal 
intensity increases. As a result, the peak of a pulse propagating therethrough 
undergoes a smaller absorption than the wings. The net effect is that the 
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transmitted pulse is shortened with respect to the incident pulse. Furthermore 
saturable absorbers tend to quench weak signals. 

Hence saturable absorbers provide a mechanism of self-modulation 
of the laser signal. When inserted in a laser cavity, saturable absorbers tend to 
5 restrict laser emission to short pulses. The technique is said to be passive since 
no external electrical or optical signal is necessary to produce the modulation. 

In some cases such as presented in E.P. Ippen, D.J. Eilenberg, and 
R.W. Dixon, "Picosecond Pulse Generation by Passive Mode Locking of Laser 
Diodes", Appl. Phys. Lett. 37, 267 (1980), saturable absorption results from a 

1 0 progressive degradation of the lasing medium or from an optical damage {e.g. a 
damage induced by the circulating laser beam). Fulfilling such conditions 
generally leads to an irreversible damage imparted to and eventual inoperabiiity 
of the laser diode. 

A saturable absorber can be created by ion implantation at one 

15 facet of a laser diode, as described in J. P. Van der Ziel, W.T. Tsang, R.A. Logan, 
R.M. Mykuliak, and W.WI. Augustyniak, "Subpicosecond Pulses from Passively 
Mode-locked GaAs Buried Optical Guide Semiconductor Lasers", Appl. Phys. 
Lett. 39, 525 (1981), and N. Stelmakh and J.-M. Lourtioz, "230 fs, 26 W Pulses 
from Conventional Mode-locked Laser Diodes with Saturable Absorber Created 

20 by Ion Implantation", Electron. Lett. 29, 160 (1993). 

Multiple quantum well structures can also be used as saturable 
absorbers in extended cavities, as described in Y. Silberberg, P.W. Smith, D.J. 
Eilenberger, D.A. B. Miller, A.C. Gossard, and W. Wiegmann, "Passive Mode 
Locking of a Semiconductor Laser Diode". Opt. Lett. 9, 507 (1984). 

25 Non-uniform current injection along the laser diode c&n also be 

used for passive mode-locking, as reported in C. Harder, J.S. Smith, K.Y. Lau, 
and A. Yariv, "Passive Mode Locking of Buried Heterostrudure Lasers with Non- 
uniform Current Injection", Appl. Phys. Lett. 42, 772 (1983), and Y.K. Chen, M.C. 
Wu, T. Tanbun-Ek, R.A. Logan, and M.A. Chin, "Subpicosecond Monolithic 
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Colliding Pulse Mode-locked Multiple Quantum Well Lasers", Appl. Phys. Lett. 
58, 1253(1991). 

When the latter procedure is used, the gain medium is divided in 
many sections, some of which are not polarized or are set in reverse biased 
5 conditions; saturable absorption takes place In sections that are not polarized or 
that are operated with a reverse bias. 

Passive mode-locking has enabled the generation of 
subpicosecond pulses, at typical average powers of around 1 mW. When a 
saturable absorber is placed at center of a monolithic structure as described by 

10 Y.K. Chen et. al. in the publication mentioned above, or at the center of a laser 
diode placed in an external ring cavity as described in C.F. Lin and C.L. Tang, 
"Colliding Pulse Mode Locking of a Semiconductor Laser in an External Ring 
Cavity", Appl. Phys. Lett. 62, 1053 (1993), the laser diode tends to emit a pair of 
counterpropagating pulses which collide in the saturable absorber. Such a 

15 regime of emission is called "colliding pulse mode-locking" (CPM). CPM is 
generally considered to be more stable since the saturable absorption effect is 
enhanced by the superposition of the counterpropagating pulses. 

Passive modulation has the advantage of simplicity when 
compared to active modulation, as the matching of the round-trip wave 

2 0 propagation period to an external modulation signal is not required. In general, 
passive mode-locking leads to shorter pulses than active mode-locking. 
However the pulses produced through passive mode-locking cannot be 
synchronized with respect to any signal. 

2 5 Hybrid Mode-locking of Semiconductor Laser Diodes 

Hybrid mode-locking involves the combination of active and passive 
modulation. Hybrid mode-locldng has been adapted to monolithic structures, 
such as described in M.C. Wu, Y.K. Chen, T. Tanbun-Ek, R.A. Logan, and M.A. 
Chin, "Transform-limited 1 .4 ps Optical Pulses from a Monolithic Colliding-pulse 
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Mode-locked Quantum Well Laser*', AppL Phys. Lett. 57, 759 (1990), or in 
extended cavities, such as described in PJ. Delfyett, L. Florez, N. StofFel, T. 
Gmitter, N. Andreadakis, G. Alphonse, and W, Ceisiik, "200-fs Optical Pulse 
Generation and Intracavity Pulse Evolution in a Hybrid Mode-locked 
5 Semiconductor Diode-laser/Ampiifier System", Opt Lett. 17, 670 (1992). One 
can benefit from the advantages of both modulation techniques, but at the price 
of an added complexity. 

Other Mode-Locking Methods 

10 Solid-state lasers, such as color center and titanium-sapphire 

lasers, have been mode-locked through a variety of techniques that involve 
nonlinear phase modulation (self-phase modulation, self-focusing). Early reports 
on that subject can be found in L.F, Mollenauer and R.H, Stolen, 'The Soliton 
Laser", Opt. Lett. 9, 13 (1984), and D.E. Spence, P.N. Kean. and W. Sibbett, 

15 "60-fsec Pulse Generation from a Self-mode-tocked Ti:sapphire Laser'', Opt. Lett. 
16, 42 (1991), 

To date, only one method relying on nonlinear phase modulation 
has been successfully tested with semiconductor laser diodes: coupled-cavity 
mode-locking. According to the results presented in E.M. Dianov and O, G, 

20 Okhotnikov, Xoupled-cavity Passive Mode-locked Injection Laser", IEEE 
Photon. TechnoL Lett. 3, 499 (1991), and W.H. Loh and G,F. Lin, "Optical Pulse 
Generation with a Semiconductor Laser in a Coupled-cavity Configuration", Pure 
AppL Opt, 1. 181 (1992), coupled-cavity mode-locking has produced pulses 
whose duration was much longer when compared to the best results obtained 

25 with either active, passive or hybrid mode-locking. 

In solid-state lasers the most efficient method of generating trains 
of short pulses is Kerr-lens mode-locking as described by D.E. Spence et. al. in 
the above mentioned publication. This method provides short stable and 
controllable pulses having a fast repetition rate and high peak power. Ken-lens 
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mode-locking relies upon self-focusing, e.g. on a lensing effect produced by the 
laser pulse itself when it propagates through the gain medium. Kerr-lens mode- 
locking takes place only when the cavity geometry is set such that non-linear 
lensing improves round-trip laser gain or decreases round-trip losses. 
5 In guided-wave structures such as semiconductor laser diodes, 

self-focusing is not effective as a mode-locking mechanism since it represents 
only a weak effect in comparison with the guiding effect produced by the guided- 
wave structure itself. This is probably why passive self-modulation mode-locking 
based upon self-focusing is not operational in semiconductor laser diodes. 
10 Therefore there is a need to develop novel methods of providing 

sustained passive self-modulated mode-locked operation of a semiconductor 
laser diode, 

SUMMARY OF THE INVENTION 

15 According to one aspect of the invention, a method of generating 

laser pulses using a semiconductor laser diode as a lasing amplification medium 
of an extended laser cavity is provided. The method includes a sequence of 
steps. A lasing-threshold input current is provided to the semiconductor laser 
diode. Elements making up the laser cavity are aligned for maximum laser 

20 output. The input current is increased beyond the lasing threshold and at least 
one of the elements making the laser cavity is slightly misaligned. Passive self- 
modulated mode-locked operation of the semiconductor laser diode is achieved. 

According to another aspect of the invention, the misalignment of 
optical elements favor the amplification of wavelengths shorter than a center 

25 wavelength of a continuous wave operational mode of the semiconductor laser 
diode at threshold. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Further features and advantages of the present invention will 
become apparent from the following detailed description, taken in combination 
with the appended drawings, in which: 
5 FIG, 1 is a block diagram showing an exemplary arrangement of 

optical elements enabling a passive self-modulated mode-locked operation of a 
semiconductor laser diode; 

FIG. 2 is a graph showing exemplary normalized autocorrelation 
traces of output counterpropagating pulses when the semiconductor laser diode 
10 operates under passive self-modulated mode-locked conditions; and 

FIG. 3 is a graph showing exemplary normalized output 
counterpropagating pulse spectral densities when the semiconductor laser diode 
operates under passive self-modulated mode-locked conditions. 

It will be noted that throughout the appended drawings, like 
15 features are identified by like reference numerals. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

A semiconductor laser diode 10 is inserted in a ring cavity 12. The 
laser emission undergoes a transition from a noisy multimode operational regime 
20 to a mode-locked operational regime. In the mode-locked regime, trains of 
counterpropagating picosecond pulses are generated. The counterpropagating 
pulses are temporally synchronized and are centered about different 
wavelengths. 

Dual-wavelength emission is a novel characteristic of a passive 
25 self-modulated mode-locked semiconductor laser diode 10, The procedure used 
to mode-lock the semiconductor laser diode 10 includes a proper cavity 
alignment as a key feature. 

The apparatus is schematically represented in FIG. 1. The 
apparatus includes the following elements: 
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A semiconductor laser diode amplifier 10. The laser diode amplifier 
provides a gain necessary for lasing action. The laser diode 10 is a 
superluminescent diode such as a 500 micron long double quantum well 
InGaAs ridge waveguide with strained InGaAIAs active layers from EG&G 
Optoelectronics, Vaudreuil, Canada (p/n C86095E CD2209). The two end 
facets of the laser diode 10 are cut at a 5-degree angle (not shown). An 
antireflection coating is deposited on the two end facets. In the absence 
of the cavity, the laser diode provides a low coherence emission with a 
broad spectrum centered near 855 nm. The angle-stripe geometry plus 
the antireflection coatings effectively prohibit parasitic or self-oscillation of 
the laser diode 10. The two end facets of the laser diode 10 are optically 
accessible, hence enabling inclusion thereof in the ring cavity 12. A bias 
input current is provided to the laser diode 10 is purely DC enabling a 
continuous laser excitation. 

Two aspheric lenses 14 and 16 having a large numerical aperture are 
used. The lenses 14 and 16 have antireflection coatings deposited on 
their surfaces. Similar lenses are available from Thorlabs (#C230TMB). 
The lenses 14 and 16 are used to collimate the laser beam that exits the 
semiconductor laser diode 10 at each of its angled facets. 
The ring cavity 12, with three flat gold-coated mirrors 18, 20 and 22, and 
an output coupler 24. The output coupler 24 has an 83% power 
transmission. 

There are two beams 26 and 28 at the output. Beam 26 is associated with 
waves circulating in the ring cavity 12 in a clockwise direction (designated 
as CW in FIG. 1). Beam 28 is associated with waves circulating in the 
counterclockwise direction in the ring cavity 12 (designated as CCW in 
FIG. 1), 

Other ring cavities could be used to obtain mode-locked operation, 
based on the operation principles described in this document: ring cavities with a 



different number of flat mirrors (three mirrors, five mirrors, etc.), ring cavities with 
curved mirrors, ring cavities employing total internal reflection, ring cavities with 
prisms or other spectral filters typically used in tuning a laser, ring cavities with 
an external mirror used to augment the number of circulating pulses. 

5 

Procedure Used to Obtain a Self-Modulated Mode-locked Operation 

Passive self-modulation mode-locking is achieved according to the 
following steps: 

The laser cavity is carefully aligned. Laser emission takes place when the 
10 input bias current exceeds a lasing threshold value Ith. The cavity 

alignment is adjusted such that the laser output power is maximized. 
The DC input bias current I is adjusted to a value slightly above the lasing 
threshold. Typically I is set at to 1.2 Ith. 

The cavity is slightly misaligned by tilting one of the cavity mirrors 18, 20 
15 or 22, or the output coupler 24. Misalignment is done in a direction 

parallel to the active layer. 

The method described above leads to onset of a self-modulated 
mode-locked emission regime. Mode-locking can reliably be sustained over 
periods of many hours, repeatedly. No significant degradation of the 
20 performance of the semiconductor laser diode is noticeable after hundreds of 
hours of operation. 

The characteristics of the passive self-modulated mode-locked 
semiconductor laser diode emission are: 

Emission of synchronized picosecond pulses. Typical examples of which 
25 are shown in FIG. 2, The autocorrelation traces show that the pulse 

duration using the above-mentioned laser diode ranges from 2 to 6 
picoseconds, but the invention shall not be limited to these values. 
Measurements indicate that the counterpropagating pulses are 
synchronized and that they collide in the active medium. 
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Dual-wavelength emission. The spectra of the counterpropagating pulses 
are dissimilar, as shown in FIG. 3. The pulses emitted in the CCW 
direction were blue-shifted with respect to the pulses generated in the CW 
direction. The shift could be controlled by the amount of misalignment of 
5 the laser cavity. The shift is adjustable between 1 and 7 nm, but the 

invention shall not be limited to these values. 

Emission at high repetition rates. If the round-trip time in the cavity is in 
the order of 1 .25 nanoseconds, the repetition rate is 800 MHz, By 
retrofleding a weak fraction of the laser output into the laser cavity, the 
10 repetition rate could be increased to harmonics of 800 MHz; in such 

situations many pulses are co-propagating along the CW and the CCW 
directions. Repetition rates up to 6.4 GHz have been achieved, but the 
invention shall not be limited to these values. 

Output power In the mode-locked regime, the average output power from 
15 either the CW beam or the CCW beam is 3 mW, but the invention shall not 

be limited to these values. 

The key features of this type of mode-locking are the purely passive 
character, the reliability and the dual-wavelength emission. 

20 Physical Mechanisms Involved in the Mode-Locking Process 

It was obsen/ed that the natural emission of the semiconductor 
diode used in this implementation, in the absence of any laser cavity effect, was 
not identical as exiting from the end facets. The natural emission was more 
intense in the CCW direction. The CW spectrum showed quenching of the blue 
25 part of the spectrum. One plausible interpretation of the observed behavior is 
that the semiconductor laser diode has a defect at the output facet along the CW 
direction. That defect would cause attenuation leading to the different spectra 
observed in the natural emission. The natural emission is in fact amplified 
spontaneous emission. 



- 11 - 



The defect could behave as a saturable absorber, hence providing 
a mechanism for passive mode-locking. However measurements of a luminosity 
(optical power) versus current (LI) cun/e when the laser diode 10 was used in the 
ring cavity 12 did not show any hysteresis, which would be a consequence of 
5 saturable absorption. No evidence of saturable absorption was seen when the 
laser diode 10 was used to amplify a beam externally provided from another 
semiconductor laser diode (not shown). 

The sensitivity to alignment is partly attributed to a nonlinear 
bending process (or self-bending). Any saturation of the gain at an input facet, or 

1 0 saturation of the absorption at a defect on a facet, changes the index of refraction 
of the guided-wave structure and hence the optimal coupling angle at the facet 
Short pulses are likely to saturate the gain differently than multiple-mode 
unlocked signals. Hence the coupling angle in the waveguide structure of the 
semiconductor laser diode 10 may be different for the two regimes of emission. 

15 Misalignment of the cavity can be used to select the angle of the beam incident 
on the facet hence the regime of emission. 

Another physical mechanism that can contribute to the alignment 
sensitivity is chromatic aberration of the intercavity optical components. The 
chromatic aberration comes from the coilimating lenses 14 and 16. By tilting a 

2 0 cavity mirror 18, 20 or 22, or the output coupler 24 one may change the optimal 
lasing wavelength. For that wavelength the coupling losses In the laser structure 
are minimized. If there is a high absorption by a defect at that wavelength, then 
the laser may fall below threshold, even though the coupling losses in the laser 
structure are at a minimum. By saturating the absorption in the defect, laser 

25 action can take place, and the laser emission takes the form of short pulses. 

Nonlinear interactions of the counterpropagating pulses in the 
semiconductor laser diode 10 may contribute to broaden the pulses through 
wave mixing, self-phase modulation and cross-phase modulation, hence 
providing a better power extraction than non-mode-locked signals. That 
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mechanism produces a better overlap of the pulse spectrum with the gain 
spectrum of the semiconductor laser diode 1 0. 

The origin of the dual-wavelength emission is attributed to the fact 
that the defect causing attenuation is not placed at center of the gain medium, 
5 but at one end facet. As a result, one beam 28 (CCW) sees the defect before it 
gets amplified, while the other beam 26 (CW) passes through the defect after it 
has been amplified. Hence the pulses emitted along opposite directions are not 
equivalent, in the sense that they are subject to different dynamics. The spatial 
asymmetry, in combination with the dynamics of amplification, provides a 
10 mechanism through which the spectra of the counterpropagating pulses evolve 
differently. 

Other Experimental Configurations Suitable for Mode-Locked Operation 

Defects could be produced at one facet of a semiconductor laser diode 
15 amplifier by ion implantation. Dual-wavelength mode-locked emission is 

expected to take place if the laser diode is inserted in a ring cavity. 

Semiconductor laser diode amplifiers with unbiased or reverse biased 

sections placed near one end facet should lead to the same type of 

emission, if placed in a ring cavity. 
20 - The use of other output couplers with different reflectivity has the effect of 

shifting the value of threshold cxirrent 1th for laser oscillation; it has been 

verified that the mode-locking process still takes place slightly above 

threshold. 

There are other options for cavity misalignment: tilting a cavity mirror 
25 along a direction perpendicular to the active medium, or a motion of a 

collimating lens along the propagation axis, or a combination of these 

mechanical adjustments. 
These options have been verified to produce self-mode-locking with the 
apparatus shown in FIG. 1. 
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The methods described herein should be applicable to any 
semiconductor laser diode, provided the methodology described herein is 
followed. 

The embodiments of the invention described above are intended to 
5 be exemplary only. The scope of the invention is therefore intended to be limited 
solely by the scope of the appended claims. 
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WE CLAIM: 



1. A method of generating laser pulses using a semiconductor laser diode 
as a lasing amplification medium of an extended laser cavity, the method 
comprising the steps of: 

a) aligning elements making up the laser cavity for maximum laser 
output; 

b) providing to the semiconductor laser diode an input current beyond 
a lasing threshold; and 

c) misaligning at least one of the elements making the laser cavity to 
achieve passive self-modulated mode-locked operation of the 
semiconductor laser diode. 

2. A method as claimed in claim 1 , wherein prior to the step of aligning the 
elements making up the laser cavity for maximum laser output the 
method further comprises the step of providing a lasing threshold input 
current to the semiconductor laser diode. 

3. A method as claimed in claim 2, wherein the step of providing the lasing 
threshold input current, further comprises the step of providing a direct 
current input current to the semiconductor laser diode. 

4. A method as claimed in claim 1 , wherein the laser cavity is a ring laser 
cavity. 

5. A method as claimed in claim 1, wherein the semiconductor laser diode 
further comprises a defect providing a dual-wavelength operation. 
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6. A method as claimed in claim 5, wherein the semiconductor laser diode 
has two end facets and the defect is further located closer to one of the 
end facets. 

7. A method as claimed in claim 5, wherein the semiconductor laser diode 
has two end facets and the defect is further located at one of the end 
facets. 

8. A method as claimed in claim 1, wherein the elements making up the 
laser cavity are optical elements and the step of aligning the optical 
elements of the laser cavity for maximum laser output further comprises 
the step of achieving maximum continuous wave laser output operation 
of the semiconductor laser diode at the lasing threshold input current. 

9. A method as claimed in claim 1, wherein the extended laser cavity 
includes at least one mirror and the step of misaligning at least one 
element further comprises misaligning the at least one mirror. 

10. A method as claimed in claim 9, wherein the step of misaligning the at 
least one mirror further comprises the step of misaligning the at least one 
mirror in a plane of the lasing medium of the semiconductor laser diode. 

11. A method as claimed in claim 9, wherein the semiconductor laser diode 
has an emission output favoring the amplification of at least one center 
wavelength at the lasing threshold and the step of misaligning the at 
least one mirror in the plane of the lasing medium further comprises the 
step of misaligning the mirror to favor amplification of wavelengths 
shorter than the at least one center wavelength. 
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12. A method as claimed in claim 1, wherein the extended laser cavity 
includes at least one lens and the step of misaligning at least one 
element further comprises misaligning the at least one lens. 

13. A method as claimed in claim 12, wherein the step of misaligning the at 
least one lens further comprises the step of misaligning the at least one 
lens by shifting the lens along a direction of propagation of a laser signal 
within the laser cavity. 

14. A method as claimed in claim 13, wherein the semiconductor laser diode 
has an emission output favoring the amplification of at least one center 
wavelength at the lasing threshold and the step of misaligning the at 
least one lens further comprises the step of misaligning the lens to 
introduce color aberration in the laser cavity to favor amplification of 
wavelengths shorter than the at least one center wavelength. 

15. A method as claimed in claim 1, wherein the extended laser cavity 
includes at least one output coupler and the step of misaligning at least 
one element further comprises misaligning the at least one output 
coupler. 

16. A method as claimed in claim 15, wherein the step of misaligning the at 
least one coupler further comprises the step of misaligning the at least 
one output coupler in a plane of the lasing medium of the semiconductor 
laser diode. 

17. A method as claimed in claim 15, wherein the semiconductor laser diode 
has an emission output favoring the amplification of at least one center 
wavelength at the lasing threshold and the step of misaligning the at 
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least one output coupler in the plane of the lasing medium further 
comprises the step of misaligning the output coupler to favor 
amplification of wavelengths shorter than the at least one center 
wavelength. 

18. A method as claimed in claim 1, wherein the extended laser cavity 
includes at least one prism and the step of misaligning at least one 
element further comprises misaligning the at least one prism. 

19. A method as claimed in claim 18, wherein the step of misaligning the at 
least one prism further comprises the step of misaligning the at least one 
prism in the plane of the lasing medium of the semiconductor laser diode. 

20. A method as claimed in claim 18, wherein the semiconductor laser diode 
has an emission output favoring the amplification of at least one center 
wavelength at the lasing threshold and the step of misaligning the at 
least one prism in the plane of the lasing medium further comprises the 
step of misaligning the at least on prism to favor amplification of 
wavelengths shorter than the at least one center wavelength. 
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ABSTRACT OF THE DISCLOSURE 

Methods of generating laser pulses using a semiconductor laser 
diode as a lasing amplification medium of an extended laser cavity are 
presented. Passive self-modulated mode-locked operation of the semiconductor 
laser diode is achieved by providing an above lasing threshold direct current 
input current to the semiconductor laser diode while the semiconductor laser 
diode is operational in a slightly misaligned extended laser cavity favoring the 
amplification of wavelengths shorter than a center wavelength of a continuous 
wave operational mode of the semiconductor laser diode at threshold. 
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Declaration and Power of Attorney for Patent Application 



Declaration et Pouvoir pour Demande de Brevet 
French Language Declaration 



En tant qu'invenicur ci-aprts d&sxgni, je declare par la pi^sente 
que: 

Mon domidle, mon adresse postale et ma nationality son! tels 
que figurant ci-dessous i cote de mon nom. 

Je crois etre le premier inventeur oiiginal et unique (si mi seul 
nom est mentionnd ci-dessous), ou Tun dcs premiers co- 
invenieurs originaux (si plusieurs noius sont meatiomies ci- 
dessous) de I'objet revendiqu^, pour lequel une deiuande dc 
brevet a 6i6 diposee concctnant rinveniion iniiiulde 



As a below named inventor, I liereby declare tliat: 



My residence, post oflQce address and citizenship axe as stated 
next to my name. 

I beJie^ns I am tlie original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inmitor (if 
plural names are listed below) of the subject matter which is 
claimed and for whicli a patent is sought on the invention 
entitled 



|4f dont le m^Tioire dcscriptif est ci-joint ^ moins que la case 
yiivanie n'aii 6i6 coch^e: 

■-j2 a ete deposee le sous le numero 

III de demande des &aijs-Unis ou le numdro dc demande 

iniemationale POT et 

modifi^e le (le cas echeant). 

igfe declare par la pr6sente avoir revise et compris le contenu du 
iMenioire descriptif ci-dessus mentionne, incluaiu les 
lyr^endications, telles que modifiees par toute modification ci- 
H#ssus mentionnee. 

3f| reconnais devoir divulguer toute infonnation pertincnie ^ la 
13revetabilite, tel que defini dans le Titre 37, §1.56 du Code 
fjd&rai des rigleinentations. 

Je revendique par la presente la priority ^angere, en vertu du 
Titre 55, §119(a)-(d) ou §365(b) du Code des Etats-Unis. sur 
toute demande etrangere de brevet ou certificat d'inventeur ou, 
eai veitu du Titiie 35, §3 65 (a) du mSme Code, sur toute 
demande Internationale PCT d6signant an moins mi pays autre 
que Ics Etats-Unis et figurant ci-dessous et, en cocliant la case, 
j'ai aussi indiqu^ ci-dessous toute demande itrang^ de brevei, 
tout certificat d'inventeur ou toute demande Internationale PCT 
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the specification of which is attaclied hereto unless the 
following box is checked: 

□ ws^ filed on as United States 

Apphcation Number or PCT International Application 

Numbei* and was amended 

on (if applicable). 

I hereby state that I have reviewed and understand the contents 
of the above identified specification, including tlie claiitis, as 
amended by any amendment referred to above. 



I acknowledge tlie duty to disclose infoimation which is 
material to patentability as defined in Title 37. Code of Federal 
Regulations,, §1,56. 

I hei^by claim foreign priority under Title 35, United States 
Code, §119(a)-(d) or §365 (b) of any foreign appIication($) for 
patent or inventor's ccniQcate, or §365(a) of any PCT 
International application which designated at least one country 
otlicr than ihc United States, listed below, and ha^^e also 
identified below, by checking the box, any foreign application 
for patent or inventor's certificate, or PCT International 
application having a filing date before that of the application 
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French Language Declai'ation 



ayant une date do d6p6i pr6c6daiit celle de la demandc k propos 
de laquelle unc priority est reveiidiquee. 

Prior foreign application(s) 
Demaiide(s) de brevet anterieure(s) 



on wliich priority is claimed. 



Priority Not Claimed 
Droit de prioriie non revendique 



(Nuinbei-) 
(Numdro) 



(Coimtiy) 
(Pays) 



(DayMonthA^eai' Filed) 
(Joxir/Mois/Anndc de d^pot) 



(Nnmber) 
(Numei'o) 



(Countiy) 
(Pays) ' 



(Day/MoniiiA'ear Filed) 
(Jour/Mois/Annie de d6p6i) 



□ 



Je re'^'endique par la prdscntc lout b^n^fice, en vertu du Tilrc 
35, §119(e) du Code des Etais-Utiis, de toute deiiiande de brevet 
provisoire efrectu6e aux itats-Unis et figuram ci-dessous. 



1 hereby claim the benefit imder Title 35. United States Code, 
§n9(e) of any United States provisional application(s) listed 
below. 



(Application No./ N* de demande) 



(Filing Date/ Date dc d<^5t) 



(Application No./ N** de demande) 



(Filing Date/ Date de 66pdi) 



Je iwendique par la pr^sente tout benefice, en vertu du Titre 
[$!5, §120 du Code des Etats-Unis, de toute demande de brevet 
r^ctu6c aux fetats-Unis. ou en vertu du Titre 35, §365(c) du 
ungme Code, de touie demande Internationale PCT d^gnant 
f Jf s Etats-Unis et figurant ci-dessous et, dans la mesurc oil 
3!pbjet de chacune des revcndications de cette demande dc 
SBrevet n'est pas divulgui dans la demande ani&ieurc 
^lindiicaine ou intemationale PCT. en veitu des dispositions du 
premier pai-agraphe du Titre 35, §112 du Code des Etats-Unis, 
jc recomiais devoir divulguer toute information pertinente k la 
brevciabilite, tel que defini dans le Titre 37. §1.56 du Code 
f6d6i*al des reglementations, dont j*ai pu disposer entrc la date 
de d^oi de la demande ant^eure et la date de dep6t de la 
demande nadonale ou intemationale PCT de la presente 
demande: 



I hei-eby claim tlie benefit under Title 35, United States Code, 
§120 of any United States application(s), or §365(c) of an)' 
PCT International application designating the United Slates, 
listed below and, insofar as the subject matter of eacli of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in tlie manner 
provided by the first pai^agiaph of Title 35, United States 
Code, §112, I acIoiOTvledge the duty to disclose information 
wMch is mateiial to patentability as defined in Title 37, Code 
of Federal Regulations, §1.56 whicli became a^railable bet^veen 
tlie filing date of the prior application and the national or PCT 
International filing date of this application. 



(Application No.) 
(N^ de demande) 



(Filing Date) 
(Date de depot) 



(Status) (patented pending, abandoned) 
(Siaiut) (brevet^, en comis d'examen, abandonne) 



(Application No.) 
(N° de demande) 



(Filing Date) 
(Date de depot) 



(Status) (patented, pending, abandoned) 
(Statut) (bra^e, en couts d'examen, abandonn^) 
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Frajch Language Declaration 



Je ddclaxe que loute les declarations faites dans ia pxesente 
sonl ^ ma connaissance, v^iidiques ci que toutes les 
declarations feites i partir de renseigneiuents ou de 
suppositions sont lenues pour veridiques; et de plus, que toutes 
ces declarations ont ete faites en sachani que toute feusse 
declaration volontaire ou son 6quivalcni est passible d'une 
amende ou d'une peine d'emprisonncment ou des deux, en 
veitu de la Section 1001 du litre 18 du Code des ^tats-Unis, 
et que de telles declarations volontairement fausses iisquent de 
compromettre la validiid dc la demande de brevet ou du brevet 
delivi-e a partii" de celle-ci. 

POUVOIR: En tant qu'inventeur design^ Je noinme par la 
pr^sente r(les) avocat<s) et/ou agent(s) inclus sous le numero 
de client ofEiciel suivani, avcc plein pouvoir de revocation et 
de substitution, charges de poin-suivie cette dsanandc et de 
traitJ^r toute aJS^re s'y nq^portant avec rOffioe djes brevets et 
des niarques: (menriomer le nom et le nnmiro 
d'enreglstremem). 



I hereby dedai*e that aU statements made herein of niy own 
knowledge are true and that all statements made on 
information and belief ai-e belie^^ed to be true; and fiuthcr that 
diesc statements were made with tlie knowledge that willful 
false statements and the like so made are pmiishable by fine or 
imprisomneni, or both, under Section 1001 of Title 18 of the 
United States Code and that such willfiil felse statements may 
jeopai'dize the validity of the application or any patent issued 
thei^eon. 



POWER OF ATTORNEY: As a named inventor, I liei'eby 
appoint the agents and/or anomeys included in the following 
Customer Niunbeiv mih full power of substitution, 
association, and revocation, to prosecute this application and 
to transact all business in the Patent and Trademailc GflTicc 
connected therewidi: (list name and fegistraiiors nu7ub$f*) 



Please send all coirespondencc and direct all telephone calls to: / VeuiUez adresser toute correspondance et tout appel t^lephonique k 




020988 



I Wvli awnc of sole or first inventor (Nom compiet de I'uniquc cu premier invciitcur) 
Patrick LANGLOIS 


Citizenship (Naiionalitr) 

Canada 


Dote (dd/mm/y-yvy) (jj/jnm/aaia) 


il^Rcsidcncc and Pc^t Office address (Domicile ct adrcsse postale) 

y 


Inventor's sigiiatui^ (signature dc l'invT:ntcur) 


iHFiill name of second invencor (Nom complct du second co-invcntcur) 
^MichelPICHfi 


Gtizenship (Nationalitc) 

Canada 


Date (dd/TTun/yyyy) Cij/mm/aa<ia) 


..ikcsidcncc; and Post OlEcc address (Domicile ct adfc&sc postaic) 


Second Inventor's siguature (sifinatiire du second inventeur) 
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